REMARKS 

This application has been carefully reviewed in light of the Office Action of 
January 29, 2008. Claims 1 and 4, both of which are in independent form, are now 
presented for examination. Claims 1 and 4 have been amended to define still more clearly 
what Applicants regard as his her their invention, in terms which distinguish over the art of 
record. Claims 2, 3, 5 and 6 have been canceled without prejudice or disclaimer of subject 
matter. The original specification (including abstract) has been replaced with the substitute 
specification submitted herewith in both a marked and a clean version; no new matter has 
been added. Among other changes made therein, the title has been amended to make it 
more descriptive, as required in the Office Action. 

Claims 1 and 4 were rejected under 35 U.S.C. § 102(a) as being anticipated 
by U.S. Patent Application Publication 2002/01 18236 (Uetsuki). Claims 2, 3, 5 and 6 were 
rejected under 35 U.S.C. § 103(a) as being obvious from Uetsuki in view of U.S. Patent 
6,950,207 (Saitoh), U.S. Patent Application Publication 2003/0072576 (Rodriguez) and 
U.S. Patent 5,252,995 (Trask), taken in combination. 

Initially, cancellation of Claims 2, 3, 5 and 6 renders the rejections of those 

claims moot. 

Independent Claim 1 is directed to a color printing apparatus having a pulse 
width modulation means which performs pulse width modulation for tone control. The 
apparatus of Claim 1 comprises first and second determination means, and setting means 
for setting a pulse- width modulation based on determinations made by the determination 
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means. The first determination means are for determining whether a printing mode of 
printing data supplied is a CAD mode that places great value on thin line reproducibility; 
(see S403 in Fig. 4), while the second determine whether the printing data is to be 
processed as single-color data. The setting means set a pulse- width modulation pattem to 
be used by the pulse- width modulation means, and more specifically, set a first pulse width 
modulation pattem when the first determination means determine that the printing mode of 
the printing data is not the CAD mode or the second determination means determine that 
the printing data is to be processed as single-color data (see step S406), and set a second 
pulse width modulation pattem, which has a smaller developer adhesion amount than the 
first pattem, when the first determination means determine that the printing mode is the 
CAD mode and in addition the second determination means determine that the printing data 
is not to be processed as single-color data (see step S405).- 

Uetsuki relates to a technique in which a driving condition of a print head 
used in each path of multi-path for printing is controlled based on a command for a type 
and size of printing medium, printing quality and the like. The Uetsuki apparatus is 
intended to be able to calculate ink consumption without any errors by using information 
from two sources. First, ink consumption is detected on the basis of the number of ink 
droplets ejected from the print head (see paragraph [0045]), and second, the amount of ink 
remaining in the ink tank is detected, e.g.,. by means of pins 204 and 205 in the ink tank, 
which permit measurement of the electrical resistance of the ink remaining in the tank, 

- It is of course to be understood that the claim scope is not limited by the details of this or 
any other particular embodiment that may be referred to. 
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which depends on the amount of ink that remains (see paragraphs [0047] - [0049]). The 
information from the latter source is used to correct a value obtained from the first- 
mentioned source (counting the drops). 

As noted in the Office Action, the Uetsuki apparatus receives information 
relating to a given print job, including the size and type of paper to be used as the recording 
medium, the print quality (e.g., draft versus high quality, and/or color versus monochrome), 
as well as the source from which the sheet(s) of print medium will be received, etc. The 
apparatus reads out additional information from its ROM, including the number of passes 
to be made in printing this job and the masks to be used for the respective passes. 

Saitoh relates to a technique in which a dither process is performed using 
dither data for CAD print data is input. An identification code identifies input print data 
that is for CAD. 

Rodriguez relates to a technique for correcting pulse-width based on 
whether a print job is text or half-tone. 

Trask relates to a printer in which the laser power supplied in preparation 
for applying an undercoat in a two-layer printing is selectively reduced to prevent a 
phenomenon in which the amount of overlayer toner that will adhere may be reduced by the 
presence of an underlayer, thus yielding an improper balance between the colors of the two 
layers. 

It appears to Applicant that the proposed combination of these documents 
would at the most produce a technique in which a printing process such as a dither process 

-8- 



for CAD data is performed when CAD data is input, and that that technique is a 
conventional one. Applicant respectfully submits that that technique represents Applicant's 
starting point in developing the apparatus of Claim 1, as described in the Background of the 
Invention section of the specification. The conventional technique in question suffers from 
the problem that the density is reduced if the toner adhesion amount is controlled by 
performing laser exposure control (PWM) in a case where input print data is CAD data and 
monochrome data. 

Applicant submits that even if the references are combined in the manner 
proposed in the Office Action, the result would not suggest setting a PWM pattem in 
accordance with determination results produced by the recited first and second 
determination means, specifically, setting first PWM pattem when the first determination 
means determine that the printing mode of the printing data is not the CAD mode or the 
second determination means determine that the printing data is to be processed as single- 
color data, but setting a second PWM pattem, which achieves a smaller developer adhesion 
amount than the first pulse width modulation pattern, when the first determination means 
determine that the printing mode is the CAD mode and in addition the second 
determination means determine that the printing data is not to be processed as single-color 
data. This feature, however, has the virtue that the toner adhesion amount is controlled 
appropriately, in accordance with the printing mode and color mode, thereby preventing the 
undesirable reduction in density that conventionally occurs where input print data is CAD 
data and monochrome data. 
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Thus, Applicant submits that Claim 1 is allowable over Uetsuki, Saitoh, 
Rodriguez and Trask, taken separately or in any possible combination. 

Independent Claim 4 is a method claim corresponding to apparatus Claim 1, 
and is believed to be patentable for at least the same reasons as discussed above in 
connection with Claim 1. 

A review of the other art of record has failed to reveal anything which, in 
Applicant's opinion, would remedy the deficiencies of the art discussed above, as 
references against the independent claims herein. Those claims are therefore believed 
patentable over the art of record. 

In view of the foregoing amendments and remarks. Applicant respectfully 
requests favorable reconsideration and early passage to issue of the present application. 

Applicant's undersigned attorney may be reached in our New York office by 
telephone at (212) 218-2100. All correspondence should continue to be directed to our 
below listed address. 

Respectfully submitted, 



/Leonard P Diana/ 

Leonard P. Diana 
Attomey for Applicant 
Registration No. 29,296 

FrrZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 101 12-3801 
Facsimile: (212)218-2200 
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Substitute specification ( marked) 
A,N. 10/773,422 
Atty. Docket No. 00862.023454, 

TITLE OF THE INVENTION 

COLOR PRINTER AND CONTROL METHOD THEREO F WITH PULSE» 
WIDTH MODULATION FOR TONE CONTROL BASED ON TYPE OF 
DOCUMENT AND NUMBER OF COLORS TO BE PRINTED 

FIELD OF THE INVENTION 

The present invention relates to a color printer and a control method 

thereof, and more particularly, to a frnfe^-wj^j^-mefekHk^ 
modulation technique employed in a color printer. 

BACKGROUND OF THE INVENTION 

A data printing apparatus employing an electrophotography method, e.g., 
a laser beam printer (hereinafter referred to as a ^^LBP"), is widely used as an 
output apparatus of a computer. Such data printing apparatus is the factor for 
rapid expansion of the field of desktop publishing by virtue of its many 
advantages such as high quality printing results, quietness, and high speed. 
Additionally, along with the sophistication of a host computer or a controller that 
serves as a printer's image generation unit, it has become easier to control color 
images, and color printers adopting an electrophotography method have been 
developed. As a result, conventional monochrome image printing, as well as 
color image printing is prevailing. 

In a case where a color printer performs rendering, image data, such as a 
photograph image inputted by an image scanner or a digital camera, or color 
document data generated by an application program on a host computer, is 
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subjected to color conversion processing using a color conversion parameter so as 
to match the color output characteristic of the printer. The color conversion 
parameter is data provided in the form of a matrix or lfe?ook~up t¥able (LUT). 

When a color printer employing the electrophotography method converts 
RGB data to CMYK data, it is necessary to limit the amount of toner to a certain 
value due to the problem of fixing-ability and transferability. This limitation is 
imposed on the data value on which the color conversion has been performed. 
Particularly, in a case where printing data, such as CAD (computer- assisted 
design) data that places a great value on thin line ^ep^^efe^^j^-aMM^reproducin g 
ability/, the limitation of the toner amount makes printing of a solid line impossible 
and may cause deterioration in the thin line re^i-ed^i€4^^^-i^bi44wreproduc ability. 
To solve this problem, there are several techniques available, such as an exposure 
control for actually performing the printing based on CMYK data, a control 
technique called PWM (gPulse; niModulation), which adjusts the laser- 

driving pulse width in accordance with a data input value, can be used to ensure 
thin line Bi^pj^ed'fe^ej:^^-^ ability while limiting the toner amount to 

a certain value. Pursuant to this technique, secondary colors such as red, green, 
or blue can be expressed with solid lines. 

As described above, for data such as CAD data, which places a great 
value on thin line f^6^j^B#Be»g--^feife^ ability, the toner adhesion 

amount can be controlled by performing laser exposure control, i.e., PWM. 
However, in a case where the printing data is monochrome data, it is not necessary 
to perform multicolor printings unlike full-color data, but it is ultimately the 
problem of fix[[-]]ability and transferability that is encountered, and is unrelated 
to the toner adhesion amount. If the aforementioned PWM processing is 
performed, the amount of the laser beam is reduced, causing declines in the 
overall density, and in some cases, the thin line fe^fod^^ei^rg-^^MM^reproducin g 
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ability is-deteriorates^, causing problems. 

SUMMARY OF THE INVENTION 

The present invention has been proposed to solve the above problems, 

and ^further to improve the thin line ^e^^fefe^^^-g-aMMryreproc^^ ability of 
single-color printing in a color printer. 

According to one aspect of the present invention, a color printer having a 
fHjfee-^^4d#H^^^ed^ria:#e^pulse~^^^^^ modulation means, which performs f^^^-^^e- 
^^^s^^y^-m-e^nla^kmgM for a tone control and a control method 

of the printer, are provided. A printing mode of printing data supplied, and 
whether or not the printing data is to be processed as single-color data is 
determined. Based on the determination results, a fmfee-wM^lHEBefeki^^j^ 
width modiilation pattern to be used by the p^ri^^e^-¥j4d#H^^!ed^^te^^ 
modulation means is decided. 

Other features and advantages of the present invention will be apparent 
from the following descriptions taken in conjunction with the accompanying 
drawings, in which like reference characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a 
part of this specification, illustrate embodiments of the invention and, together 
with the descriptions, serve to explain the principles of the invention. 

Fig. 1 is a diagram showing an overall view of an image processing 
system, including a color LBP, to which the present invention is applied; 
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Fig. 2 is a block diagram showing an example of a detailed configuration 
of an image processing unit in the color LBP according to an embodiment of the 
present invention; 

Fig. 3 is a flowchart showing an operation of the image processing unit in 
5 the color LBP according to the embodiment of the present invention; 

Fig. 4 is a flowchart showing a PWM pattern table setting procedure 
according to the embodiment of the present invention; 

Fig. 5 shows an example of a PWM table which is set in the PWM 
pattern table according to the embodiment of the present invention; 
1 0 Fig. 6 shows an example of a print- setting screen according to the 

embodiment of the present invention; and 

Fig. 7 is a flowchart showing a laser beam emission amount control 
operation executed by a PWM processing unit according to the embodiment of the 
present invention. 

15 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will now be described 
in detail in accordance with the accompanying drawings. 
2 0 Although the following description explains an embodiment where the 

present invention is applied to a color LBP having 600 dpi, the present invention 
is not limited to this, but is applicable to an image forming apparatus, such as a 
color printer or color facsimile, having an arbitrary printing density. 

Fig. 1 is a diagram showing an overall view of an image processing 
2 5 system including a color LBP, to which the present invention is applied. 

Referring to Fig. 1, the image processing system of this embodiment is 
configured with a host computer 101 and a color LBP 102 connected via a 
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network 100. More specifically, numeral 100 denotes a network whose interface 
specification called Ethernet (registered trademark) is generally known. With the 
use of a physical cable, such as lOBase-T, and a protocol, such as TCP/IP, data 
transmission/reception and data transfer can be performed between the connected 
5 units. 

The host computer 101 outputs printing data necessary for printing 
processing, such as color data, texts, graphics, images, number of copies, et cetera, 
to the color LBP 102. The color LBP 102 has mutually similar functions. 

Next, a configuration of the color LBP 102 according to this embodiment 

10 is described. The color LBP 102 comprises an image processing unit 104 and a 
control unit 105, which are connected to each other via a bus (not shown), and 
connected to the network 100 through a network interface 103 (hereinafter 
referred to as the ''network I/F''). The image processing unit 104 is connected to 
a printer engine 106 which performs actual image forming based on an outputted 

1 5 image signal. The control unit 105 controls an operation of the entire system. 
This is realized by a CPU 107 transmitting a control signal for performing 
determination and control of various processes to the control unit 105 in 
accordance with a control program 108a stored in ROM 108. RAM 109 is used 
as a working area 109a for the CPU 107 to store data for performing respective 

2 0 controlling. 

Fig. 2 is a block diagram showing an example of a detailed configuration 
of the image processing unit 104 in the color LBP 102. An operation of the 
image processing unit 104 is explained with reference to Fig. 2. 

In Fig. 2, numeral 141 denotes a reception buffer which holds inputted 
2 5 printing data. Numeral 142 denotes a color conversion mode setting unit which 
selects from a color conversion parameter holding unit 143 a color conversion 
parameter corresponding to the color conversion mode inputted from the host 
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computer 101, for example, standard color, high-gloss color, low-gloss color, 
high- saturation color, et cetera, and generates a color conversion table 145 to be 
stored. Numeral 143 denotes a color conversion parameter holding unit which 
holds plural color conversion parameters corresponding to the aforementioned 
5 color conversion modes. Numeral 144 denotes a color conversion unit which 
converts printing data having RGB form inputted from the host computer to 
printing data having CMYK form by performing interpolation with reference to 
the color conversion table 145. 

Numeral 146 denotes a density correction processing unit which performs 

1 0 correction using a density correction table 147 on the printing data having CMYK 
form, which has been converted by the color conversion unit 144, so that linearity 
of the density characteristic is preserved. Numeral 148 denotes a dither matrix 
setting unit which selects from a dither parameter holding unit 149 a dither 
parameter coiresponding to the dither mode inputted from the host computer 101, 

1 5 such as a 4-bit dither, a 2-bit dither, a 1-bit dither, et cetera, and generates a dither 
table 151 to be stored. Numeral 151 denotes a dither parameter holding unit 
which holds plural dither parameters corresponding to the aforementioned dither 
modes. Numeral 150 denotes a dither processing unit which converts printing 
data having CMYK form, which has been corrected by the density correction 

2 0 processing unit 146, to printing data having the number of tones corresponding to 
the dither mode by performing comparison operations with reference to the dither 
table 151. 

Numeral 152 denotes an object generation unit which converts data (page 
description language), such as image data inputted from the host computer 101, to 
2 5 an object. In this stage, the image data is converted to an object having CMYK 
form converted by the color conversion unit 144, density correction processing 
unit 146, and the dither processing unit 150. Numeral 153 denotes an object 
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buffer which stores one page of objects converted by the object generation unit 
152. Numeral 154 denotes a rendering unit which performs rendering based on 
the one page of objects stored in the object buffer 153 for converting the objects to 
bitmap data subjected to rendering. Numeral 155 denotes a band buffer which 
5 stores bitmap data generated by the rendering unit 154 and outputs data to a PWM 
processing unit 156. Numeral 156 denotes a PWM processing unit which 
performs modulation of a pulse width, corresponding to the laser irradiation time, 
on the bitmap data generated by the rendering unit 154 based on a piA^e-^^4d#i" 
med-^^jb^ef^pulsC" width modulation pattem (also called a PWM growth pattem) set 

10 in the PWM pattem table 157, and outputs the modulated data to the printer 
engine 106, Details of the PWM processing unit 156 will be described later. 

Next, an operation of the image processing unit 104 in the color LBP 102 
according to this embodiment is described in detail with reference to the flowchart 
in Fig. 3. Note that the control program that realizes the process shown in the 

1 5 flowchart in Fig. 3 is stored in the ROM 108 as mentioned above, and is executed 
by the CPU 107. 

First, as the initialization processing of the color LBP 102, the printer 
status and buffer are initialized (step S301). Next, printing data is received from 
the host computer 101 (step S302) and held by the reception buffer 141 (step 

2 0 S303). Data corresponding to one processing unit is extracted from the reception 
buffer 141 (step S304), and then is determined whether or not all data has been 
extracted (step S305). 

If NO in step S305, it is determined whether or not data processing has 
been completed for one page (step S306). If NO in step S306, it is determined 

2 5 whether or not the printing data is color-related data, such as color data, color 

image, et cetera (step S307). If YES in step S307, the color conversion unit 144 
converts the RGB color data to CMYK color data by performing interpolation 
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with reference to the color conversion table 145 (step S308). The density level is 
then corrected by the density correction processing unit 146 using the density 
correction table 147 (step S309). Next, a comparison operation is performed by 
the dither processing unit 150 with reference to the dither table 151 to convert the 
5 CMYK data to dither-processed color data (step S3 10), An object is generated 
by the object generation unit 152 (step S31 1), the generated object is stored in the 
object buffer 153 (step S3 12), and the control retums to step S304. 

If it is determined in step S307 that the printing data is not color-related 
data, then it is determined whether or not the printing data is color conversion 

1 0 mode data (step S3 13). If YES in step S3 13, the color conversion table 145 is 
generated using a color conversion parameter corresponding to the color 
conversion mode by the color conversion mode setting unit 142 (step S3 14). The 
control then retums to step S304. 

If it is determined in step S3 13 that the printing data is not color 

1 5 conversion mode data, then it is determined whether or not the printing data is 
dither mode data (step S3 15). If YES in step S3 15, the dither table 151 is 
generated using a dither parameter corresponding to the dither mode by the matrix 
setting unit 148 (step S3 16). The control then returns to step S304. 

If it is determined in step S3 15 that the printing data is not dither mode 

2 0 data, then it is determined whether or not the printing data is PWM mode data 
(step S3 17). If YES in step S3 17, a PWM pattem set by the PWM processing 
unit 156 is set in the PWM pattem table 157 (step S3 18). The control then 
retums to step S304. 

If it is determined in step S3 17 that the printing data is not PWM mode 

2 5 data, then it is determined whether or not the printing data is mask data such as 
texts, graphics and so forth (step S3 19). If YES in step S3 19, an object of the 
mask data is generated (step S31 1), the generated object is stored in the object 
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buffer 153 (step S3 12), and the control returns to step S304. 

If it is determined in step S3 19 that the printing data is not mask data, 
printing data processing is performed in accordance with the type of data (step 
S320), and the control returns to step S304. 

If it is determined in step S306 that data processing has been completed 
for one page, rendering processing is performed by the rendering unit 154 based 
on the object stored in the object buffer 153 (step S321). The bitmap image is 
then subjected to pri-ee-^'^g^dfe-^s^^ede^^ modulation by the PWM 

processing unit 156 (step S322), and the modulated data is transmitted to the 
printer engine 106 for executing printing processing on a sheet of paper (step 
S323). 

If it is determined in step S305 that all data has been extracted, the 
printing process ends. 

Next, the PWM pattern table 157 setting process performed by the PWM 
processing unit 156 in the above-described step S3 18 is described in detail. 

Setting of the PWM pattem table 157 is performed based on the contents 
set through the print-setting user interface shown in Fig. 6 (normally included in a 
printer driver program installed in the host computer), which is provided by the 
host computer 101. According to the example of print-setting screen shown in 
Fig. 6, a user can select a printing object (printing mode) from among "general 
document," "photograph," "CAD," and the like. Also» a user can select a color 
mode from anioiig "monochrome,'' "full-color," e^Fand "full-color/monochrome 
automatic switch." 

The PWM processing unit 156 sets the PWM pattern table 157 based on 
the aforementioned setting result. Hereinafter, an example of the PWM pattem 
set in the PWM pattem table 157 is described. 

Fig. 5 shows an example of a PWM table which is set in the PWM 
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pattern table 157. Each pattern is configured with 1 1-bit length data, wherein 
one pixel is divided into 8, each of which is capable of expressing 5 tones. In 
that table, BIO indicates a PWM mode setting flag (Mode), B9 and B8 indicate a 
color signal flag (Color), and B7 to BO indicate PWM pattern data (PWM Table). 
5 The PWM mode setting flag in BIO is designated in the setting process of the 
PWM pattern table 157, which will be described later. The color signal flag 
designated by the pair of B9 and B8 indicates 00 for cyan (C), 01 for magenta (M), 
10 for yellow (Y), and 1 1 for black (K). The pattem on the right 
diagrammatically shows the PWM pattems (PWM growth pattem) of the 

1 0 respective colors. Comparing the upper four patterns with the lower four 

patterns of the PWM growth patterns, the lower four patterns have a narrower 
pulsewidth, which will contribute to suppression of the adhesion amount of toner 
that serves as a developer. 

In the setting process of the PWM pattem table 157, which will be 

1 5 described below, either the upper four pattems in which the PWM mode setting 
flag (Mode) is 0 or the lower four pattems in which the PWM mode setting flag 
(Mode) is 1 is set in the PWM pattem table 157. 

Fig. 4 is a flowchart showing a PWM pattem table 157 setting procedure 
according to this embodiment. 

2 0 First, a PWM mode is acquired (step S401). The PWM mode includes, 

for instance, a CAD data printing mode for printing CAD data and a regular 
printing mode for printing data other than CAD data. In a case where "CAD" is 
selected as a printing object (printing mode) in the print-setting screen shown in 
Fig. 6, the CAD data printing mode is acquired; otherwise the regular printing 

2 5 mode is acquired. 

Next, the acquired mode is compared with the currently set PWM mode 
to determine whether or not the mode has been changed (step S402). If YES in 
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Step S402, it is determined whether or not the changed mode is a CAD data 
printing mode (step S403). If YES in step S403, it is determined whether or not 
the color mode is set in a monochrome mode (step S404), 

If it is determined in step S404 that the color mode is not set in a 
5 monochrome mode, the PWM pattern table (PWM pattem table for CAD) where 
BIO (see Fig. 5) representing the PWM mode setting flag (Mode) is 1 is set in the 
PWM pattem table 157 (step S405), and the control ends. On the other hand, if 
it is determined in step S404 that the color mode is set in a monochrome mode, 
the PWM pattem table (regular PWM pattem table) where BIO representing the 

1 0 PWM mode setting flag (Mode) is 0 is set in the PWM pattern table 157 (step 
S406), and the control ends. 

Meanwhile, if it is determined in step S403 that the changed mode is not 
a CAD data printing mode, the PWM pattem table (regular PWM pattem table) 
where BIO representing the PWM mode setting flag (Mode) is 0 is set in the 

1 5 PWM pattem table 157 (step S406), and the control ends. 

If it is determined in step S402 that the PWM mode has not changed, the 
PWM pattem table alteration is not performed and the control ends. 

As described above, according to the PWM pattern table 157 setting 
procedure of the present embodiment, not only the PWM pattem is controlled 

2 0 based on whether or not the set mode is a CAD data printing mode, but also the 

PWM pattem table to be used by the PWM processing unit 156 is controlled based 
on whether or not the set mode is a CAD data printing mode or whether or not the 
printing data is color data. More specifically, when the CAD data printing mode 
and full-color mode are designated, the PWM pattem for CAD is set in the PWM 

2 5 pattem table 157. Therefore, when the CAD data printing mode and 

monochrome mode are set, the regular PWM pattern table is applied. By virtue 
of this control, it is possible to prevent the aforementioned problem of deteriorated 
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thin line B^^fefeek^-^sMM^reproducing ability, which is caused by a declined 
density as a result of the reduced amount of laser beams. 

Next, a laser beam emission amount control operation executed by the 
PWM processing unit 156 in the color LBP 102 is described with reference to Fig. 
5 7. The PWM processing according to this embodiment is realized by digitally 
controlling the laser beam emission amount in accordance with the respective 
patterns using the PWM pattern table that has been set as described above. More 
specifically, the laser beam emission time is altered in units of sub-pixel in 
accordance with the set PWM pattem table, thereby controlling the laser beam 

1 0 amount, and ultimately controlling tones. 

Referring to Fig. 7, stored bitmap data is extracted from the band buffer 
155 (step S701), and it is determined whether or not all data for one page has been 
processed (step S702). If NO in step S702, it is determined whether or not data 
for one plane of the C, M, Y and K planes has been processed (step S703). If 

1 5 NO in step S703, a PWM growth pattem corresponding to input data is set in the 
register (step S704). The laser irradiation is then performed in accordance with 
the set PWM growth pattem (step S705), and the control returns to step S703. If 
it is determined in step S703 that data for one plane has been processed, the 
control returns to step S702. When it is determined in step S702 that all data for 

2 0 one page has been processed, the control ends. 

According to the above-described embodiment, particularly in a case of 
printing data such as CAD data that places a great value on thin line 
reproducibility, the PWM growth pattern assignment in the respective CMYK 
colors is controlled in accordance with the printing mode and color mode to 

2 5 achieve appropriate toner adhesion amount. Therefore, it is possible to realize 
printing with the most appropriate density without deteriorating thin line 
j^©p^efed:ivg-"-abiM4yre^^^^ ability. 



- 12 - 



- 13 - 



Substitute specification ( marked) 
A,N. 10/773,422 
Atty. Docket No. 00862.023454, 



Note, although the above-described embodiment detemiines whether or 
not the printing mode is a CAD data printing mode, the mode for CAD data is 
merely taken on as a typical example of a mode that places a great value on thin 
line ^^p^ed^^e»g-^MM^reproducing ability. Therefore, a printing mode may be 
of a mode for an application program different from CAD data printing mode, 
which places a great value on thin line B;^i^^f^e4e^?ifjg^ 

Furthermore, although the above-described embodiment determines 
whether or not the color mode is set in a monochrome mode, monochrome data is 
merely taken on as a tj^ical example of single-color (mono-color) data. 
Therefore, it may be determined whether or not the color mode is set in a single- 
color mode other than a monochrome color. 

Furthermore, although the above-described embodiment makes a 
determination of color mode or monochrome mode based on the setting of the 
print-setting screen shown in Fig. 6, the determination of monochrome mode may 
be made based on a result of determining whether or not printing data is color data 
or monochrome data. 

Furthermore, although the above-described embodiment assumes that 
input data is RGB data and output data is CMYK data, the present invention is 
applicable to any color space representation, such as L'^a'^'b'*', XYZ and the like. 

Moreover, although the above-described embodiment describes the PWM 
growth pattem table having five tones, the number of tones is arbitrary. 

Moreover, although the above-described embodiment realizes PWM 
processing by digital control using a pattem table, the present invention is 
applicable to PWM processing using other control methods. 

The present invention is not limited to the above embodiment and various 
changes and modifications can be made within the spirit and scope of the present 
invention. Therefore, to apprise the public of the scope of the present invention. 
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the following claims are made. 
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ABSTRACT OF THE DISCLOSURE 



A color printing apparatus having f^i#fs^^-¥?4i:kiM^^ed^h^^^^^^ 
rnodiAlation means which performs fH^fe^-w^^hrg^ed^ria^^ 
modulation for tone control, and a control method thereof are provided. Based 
on determination of a printing mode of printing data supplied and determination of 
whether or not the printing data is to be processed as single-color data, a fnri-s^ 
to^^pulse-Vsddth modulation pattem to be used by the ; 
^pulse-width modulation means is decided. 
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